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(S) Integrating phase detector. 

(g) An integrating phase detector includes a 
phase comparator and an integrating load im- 
pedance. The phase comparator is a volt- 
age-input, current-output logic gate such as a 
OR/NOR gate, or a XOR/XNOR gate having first 
and second inputs for comparing the phase of 
first and second input signals. The current out- 
put of the logic gate provides an output current 
pulse proportional to the phase difference be- 
tween the first and second input signals. The 
integrating load such as a passh/e resistor- 
capacitor network is coupled to the current 
output of the phase detector for directly integ- 
rating the cun'ent pulse and providing a DC 
voltage proporttonal to the phase difference 
between the frst and second input signals. The 
minimum pulse width of the output current 
pulse is substantially limited only by the fT of 
the devices used in the logic gate. The improved 
bandwidth of the phase detector also inaeases 
the linear operating range by Increasing the 
range of phase in which the output current 
pulse is proportional to the input phase differ- 
ence. 
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BACKGROUND OF THE INVENTION 

This invention pertains to phase detectors, and 
more particularly, to an apparatus and nrtethod for in- 
creasing the bandwidth and linear operating range of 
the phase detector. 

Phase detectors (also sometimes referred to as 
phase discriminators) are well known in the art for 
comparing the phase of two digital signals and con- 
verting the phase difference into a DC error voltage. 
The DC error voltage is typically amplified and used 
to drive a voltage controlled oscillator in a phase 
locked loop. Phase locked loops are used in FM de- 
modulation, frequency synthesizing, frequency multi- 
plication, and other applications. 

A conventional phase detector 10 is shown in 
FIG. 1. Phase detector 10 includes three separate 
and distinct functional blocks: a phase comparator 12, 
an amplifier 14, and an integrator 16. The phase com- 
parator 12 is shown as a differential NOR gate for pro- 
viding a digital pulse whose duration is proportional 
or at least highly correlated with the phase difference 
between the input waveforms. Therefore, phase com- 
parator 12 receives a first differential input designat- 
ed A and NA at terminals 20 and 21 , and a second dif- 
ferential input designated B and NB at terminals 22 
and 23. A differential output pulse designated PI 
(phase information) and NPI Is provided at the output 
of phase comparator 12. Referring now to FIG. 2, the 
NOR function of the comparator 1 2 Is shown, wherein 
PI is at a logic high level if both the A and B inputs are 
at a logic low level. Phase conrtparator 12 can also be 
a single-ended or differential OR gate, exclusive OR 
gate ("XOR") or exclusive NOR gate ("NXOR"). The 
XOR and NXOR gates require additional devices to 
build, but, since they act on both the rising and falling 
edges of the input signals, supply approximately twice 
as much energy to the amplifier 14 and integrator 16 
for conversion to the DC error signal. 

Amplifier 14 is a conventional differential ampli- 
fier having a voltage or current controlled output and 
a predetermined gain for boosting the amplitude of 
the error pulse from the phase comparator 1 2. The in- 
tegrator 16 is a conventional passive Integrating cir- 
cuit including resistors R1, R3. and capacitor CI cou- 
pled to the inverting output terminal 24, and resistors 
R2, R4. and capacitor C2 coupled to the noninverting 
output terminal 25. The differential DC output error 
voltages are designated NPHASE and PHASE. The 
magnitude of each of the DC error voltages Is set by 
the phase amplifier 14 and the responsiveness of the 
error voltages is set by the time constants R1C1 and 
R2C2. 

An improved phase detector is shown in US Pa- 
tent 4,535,459 ("'459") to Charles R. Hogge. Jr. enti- 
tled "Signal Detection Apparatus." While the phase 
detector taught in the '459 patent includes advantag- 
es over the prior art phase detector 10 shown in FIG. 



1 , the phase comparator is separate and distinct from 
the Integrator. Note in FIG. 3 of the '459 patent that 
XOR gates 46 and 52 drive separate integrator blocks 
70 and 74 through an intermediate resistor and ca- 

5 pacitor network. 

The problem with all such configurations is that 
the bandwidth of the phase detector is limited by the 
bandwidth of the phase comparator, approximately 
equal to one and one-half tintes the propogatk>n de- 

10 lay through the OR/NOR. XOR/XNOR gate used In 
the phase detector. More precisely, the bandwidth of 
the gate is a function of the switching speed of the de- 
vices used, the gain, and the associated internal and 
load RC time constants. The dominant poles for the 

16 frequency response of the gate are inverse products 
of the RC time constant and gain, and therefore occur 
at a significantly lower frequency than the Ft of the 
devices used in the gate. The error pulse created by 
the phase comparator is thus fOtered by the band- 

20 width of the comparator. As the phase difference be- 
tween the inputs approaches 180 degrees or-1 80 de- 
grees the desired error pulse approaches zero pulse 
width. Such a pulse is heavily attenuated by a low 
bandwidth phase comparator and is therefore less 

25 useful to provide accurate information proportk)nal to 
the phase difference between the input signals. 

Referring now to FIG. 3, output pulses from a typ- 
ical bandwidth limited phase comparator are plotted 
for four phase differences approaching -180 degrees 

30 of phase difference. In the uppernDost waveform, (^a, 
the phase difference relatively far from -180 degrees, 
and the pulse required to represent this distance is 
accurately created by the phase comparator. As the 
phase difference becomes closer to -180 degrees, 

35 the pulse wkith decreases, but is stSI capable of being 
generated as shown in the waveform. As the phase 
difference further approaches -180 degrees, the out- 
put pulse becomes filtered by the bandwidth of the 
phase comparator, resulting In the "runt" pulse shown 

40 in the 4t waveform. The runt pulse does not have the 
same energy as the desired pulse, and therefore is 
not proportional to the phase difference of the input 
signals. Finally, as the phase difference requires a 
pulse that is aInDOSt completely filtered out as shown 

45 in the <^o waveform. Any phase differences beyond 
this point have virtually no effect on the output of the 
phase comparator. 

Referring now to FIG. 4. an Ideal plot of phase dif- 
ference versus phase comparator output pulse width 

50 is shown in a solid line. The ideal characteristics for 
pulse width are a sawtooth waveform in which the 
pulse width is zero (0% duty cycle) at -180 degrees, 
and reaches a nrtaximum pulse width (100% duty cy- 
cle) at 180 degrees. Ideally, the pulse width is linear 

55 between the two phase extremes. The sawtooth pat- 
tern repeats for phase differences less than -180 de- 
grees and phase differences greater than 180 de- 
grees. The non-Ideal, bandwidth limited response is 



2 



EP 0 529 836 A1 



shown dashed lines. At small phase dlfferenc^. 

heltput pulse widthtesufftoientlyargeh^^^^^^^^ 
S^ts ^he bandwidth are no. ^^^^^^^^^^Z 
sponse lying on the ideal 1-near curve^ ""^^J'^l , 

u^d Hifference approaches -180 degrees anu 
T^CesTe b'ndwWth 1-niting effect appears. 

'Sil^p^L becomes essentially^fl^^ 

spond a» fl"' J ^th an ideal phase corn- 

range as a phase iocr j^te far from the (S 

oarator. If the input frequency drifts to far from n 



SUMMARY OF THE INVENTION 



It would be advantageous to provide an integral- 
ing hl^e detector having a bandwidth subs^^^^^^^ 30 

^^^::a^™ctoftheinven«onthereis 

provS an integrated phase detector compn^-ng. 
' a logic gate having first and second mpute fo 
receivi;^?rstLsecondinputs.gn.sand^^^^^ 

outDut for providing a current pulse P">PO^*""^ ;° 
the pise inference between thef irst and second .n- 

load means coupled to the current 

ternal integrating impedance. j je- 

According to the preferred embodiment, an ^le- 
oratinHhase detector includes a phase comparate. 
r ^n Uratlng load ^P«<«--XS « 

;E;rd=d^rs:^^r:rtof 

a 



thP iMic aate provides an output current pulse pro- 
thelogjcgate p ^^^^^ 

''^^ 1 Jd nDursfnals. The integrating load such 

JJih of the phase detector ^'^oJ^-^^-^j^;,^"^^ 

'"''iCefei^'erbod-^ntthelogicgate^^^^^ 
signSsanfoUutslgnalsare^ld^fere^^^^^^^^^^ 
eLtial logic gate is fabricated - '"^PjJ^^f, 

' adtfnc^ Ind does not substantially affect the rn.n. 

SranTrtrr^^^^^ 

i^S^eintegratlngloadc^nalsobefabricatedon 

^^^™ran^i^e--andadvan.^^ 

es ome pr^ent invention are more read'ly appa.^ 
;::thefol.owing detailed descrjt.0^^^^^^^ 
embodiment that proceeds with reference 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG lisaschematicdiagramofapriorartphase 
detedor including a phase comparator, a phase anv 
•"■^■'^p'lol ^"aSlgram illustrating the perfor- 

'"%UTteTphase diagram that plots phase ajm- 
ent invention. 

DETAILED DESCRIPTION 

Referring now to FlG.5.afirstembodlmentofthe 
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phase detector is shown as ."tegrat^ ORJJOR 
phase detector 30. Integrated phase detector 30 
eludes a differential OR/NOR logic gate having f »st 
1 second dWerential voltage inputs fc.^^^ 
first and second differential input signals A/NA and 
S7nB on terminals 20-23. The OR/NOR gate has a 
current output for providing . a current pulse propor- 
ZZ to the' phase drfferencs t^^ween the irst 
second input signals. An integrating load 16 is cou^ 
pS o the curLt output of the logic gate at bond 
pads 26 and 27 for integrating the current pulse and 
providing a differential DC voltage proportional to the 
dkrence between the f '^t and second -n^^ 
signals at terminals 24 and 25, designated NPHASE 

The'^tfifferential OR/NOR gate includes a f list dif- 
ferential pair of transistors Q3 and Q4 having a drffar- 
entialinp'utforreceK.-.gthefirstd.ferent«^.nput.^^^ 
nal AWA. The differential input is formed by the gates 
onransistors Q3 and 04 at terminals 20 and 21 The 
differential output of transistors Q3 and Q4 at the 

drains of transistors Q3 and 04, P~>'«««^J' P^^'"*" ° 
theoutputdifferential current ofthe OR/NOR ga^e at 

bond pads 26 and27.Thefirst differential pair of tran- 
sistors includes a first bias node 29 for receding a 
switched bias current. A second differental pair o^ 
transstors 01 and 02 has a differential input for - 
ceiving the second differential input signal B/NB. The 
deferential input is formed by the gates of trans« ors 
Q1 and 02 at terminals 22 and 23. The current output 
of the second differential pair of transistors 01 and 
Q2 provides a portion of the out-put differential cur- 
rent of the OR/NOR gale at bond pad 26 and the 
switched bias current to the first <*iff«7^ ° 
transistors at bias node 29. The second drfferential 
pair of transistors 01 and 02 has a second bias n«ie 
28forreceivingabiascurrentlBIAS.TransistorQ5,s 

used for equalizing the bias condition of the f .i^and 
second differential pairs of transistors. The integral- 
ing load 16 includes a first parallel combination of a 
resistor R1 and a capacitor C1 coupled to bond pad 
26 and a second parallel combination of a resistor R2 
and a capacitor C2 coupled to bond pad 27. 

in operation, the phase detector 30 receives four 
possible pairs of digital voltage inputs and provides a 
ORMOR current output. Assume for purpose of an^ 
lysis that CI and C2 are equal to zero. Therefore, he 
current output of the OR/NOR gate is immediate y 
transformed into a voltage through R1 and R2 When 
A and B are both at a logic zero, only transistors 02 
and 04 are on. and NPHASE is at a logic one, and 
PHASE is at a logic zero. When A is a logic zero and 
B^at 1 logic o'ne. transistors 01 and 04 are or. 
Therefore NPHASE is now at a logic zero and 
PHASE is at a logic one. When A is a logic one and B 
is at a logic zero, transistors 02 and 03 are on and 
therefore NPHASE is at a logic zero, and PHAStis 
at a logic one. When A and B are both at a logic one. 



transistors Q1 and Q3 are on. NPHASE is at a logic 
zero, and PHASE is at a logic one. 

In actual operation, the current outputs of the 
ORrtMOR gate are directly integrated into a differen- 
s iToC ^ror voltage. Therefore, the actual log« 
stetes of the OR/NOR gate are only provided as cur- 

'*"'irt'jrpreferred embodiment, thel.ogic gate poj^ 
tion of phasedelector 30. induding transistors 01-04 

,0 and current source IBIAS. is fabricated on an integrat- 
ed c^cLit The current outputs of the logic gate pa« 
thmugh bond pads 26 and 27. which are coupled to 
the eLnal integrating load 16. The current is hen 
transformed into a differential DC ^ny P^'^ 

,5 sitic capacitance associated with the bond pads 26 
and^.orthedrainsoftrans.sto,s03-05doesnotaf- 

ect the minimum pulse width of the output cu^nt 
pulse, such parasitic capacitence can be est^t^ 
and added into the total integrating capaatenoe CI 
,B and C2 The parasWo capacitance primanly affecte 
" he responsiveness of the DC output voltege to 
changes in the input phase, but does not affert the 
abili^ of the phase detector 30 to generate a short 
pulslidth output current The minimujn pulse^dt 
25 is primarily affected by the fT of transistors 0 -04. If 
d^L. the integrating load 16 may be partially or 
wholly integrated onto the same •'"te9f^t«J.'=''";'i . 

Of significance is the absence of any kind of buf- 
fer or amplifier stege. The current pulses produced!- 

30 rectly by the logic gate are integrated with no loss of 
frequency response. Furthermore, the parasit^ 
pacitence of bonding pads 26 and 27 does not detract 
from the frequency response of the detector. 

A second embodiment of the integrating phase 
35 detector 40 is shown in FIG. 6 in which the logic gate 
is an XORftCNOR gate. The integrating ^of^^^'"^^ 
tage inputs on terminals 20-23. current outputs bond 
nads 26 and 27. and bias current IBIAS are the same, 
as the pSase d;tector 30 shown in FIG. 5. However. 
^ Selogtaoperationandthetransistortevelschema^ 
oflheXOR«NORgatearedifferent.Th«gatecanbe 
used to provide more gain as explained above. 

The differential XORWNOR gate includes first 
and second differential paireoftransistorsQ8.09and 

45 Q10-O11 having coupled differential inputs forreceiv- 
" fnithef^td«lentyinputsign^A;NAatt«m.na^ 

20 and 21. The gates of transistors 08 and O10 are 
therefore coupled together to receive the AInput a^ 
the gates of transistors 09 and 011 are coupled lo- 
50 gether to receive the NA input. The first and second 
Srfferential pairs of transistora have cross-coupled 
dlferential outputs for providing the different«l cur- 
Jenroutput toThe integrating load 16. The drains o^ 
transistors 08 and 011 are coupled together to jr^ 
55 vide the current to one half of the integrating load 16 
Jlughbondpad26.andlhedrainsoffrans.sto,.09 

and O10 are coupled together to provide the current 
to the other half of the Integrating toad through bond 
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pad 27. The flrat and second differential pahs of tran- 
sistors have respective first and second nod^ 
31 and32fbrreceiv.n9Sv«tchedbiaB«rrents.Ath«^ 
differential pair of transistors Q6 and Q7 hasadrffer- 
eSnput for receiving the second d.fferent«l mpo 
^NB at terminals 22 and 23. The drfferem J 
cment output of the third differential pair of trans^ 
tors is coupled totheflrst and second bias nodes The 

third differential pair of transistors also has a thffd 
bias node 28 for receiving the bias current IBIAS. 

In operation, the phase detector 40 recedes the 
same four possible pairs of digital voltage in puts and 
provides an XOROCNOR current output Again a^ 
Zne for purpose of analysis that C1 and C2 are 
equal to zero. Therefore, the current output of the 
XORWIOR gate is immediately transformed into a 
voltage through R1 and R2. When A and B are both 
at a logic zero, transistors Q6 and Q9 are on. and 
NPHASE is at a logic one, and PHASE b at a logic 
zero. When A is a logic zero and B is at a logic one 
transbtois Q7 and Q11 are on. Therefore NPHASE is 
now at a logic zero, and PHASE is at a log^one^ 
When A is a logic one and B is at ^ 'og.czero ^"J-^ 
tors Q6 and Q8 are on. and therefore NPHASE is at 
a logic zero, and PHASE is at a logic one. When Aand 
B are both at a logic one. transistors Q7 and Q10 are 
on. NPHASE is at a logic one. and PHASE is at a logic 

^^As in the previous embodiment. In actual opera- 
tion, the current outputs of the XOR/XNOR gate are 
directly integrated into a differential DC error voltage. 
In the preferred embodiment, the logic gate portion 
of phase detector 40. including transistors Q6-Q11 
and current source IBIAS. is fabricated on an integrat- 
ed circuit. The current outputs of the logic gate pass 
through bond pads 26 and 27 to the external integral- 
ing load 16. retaining the speed advantage, vi/hich de- 
cojples performance from the parasitic capacitance 
at bond pads 26 and 27. The minimum pulsewidth 
provided by the XOR«NOR gate is still primarSy af- 
fected only by the fT of transistors Q6-Q11. 

Having illustrated and described the pnnciples of 
my invention in a preferred embodiment thereof, it is 
apparent to those skilled in the art that the .nvent|on 
can be modified in arrangement and detaB without 
departing from such principles. For example, the cir- 
cuit blocks described above can be rea zed wrth 
other circuits yet provkJe the same function. High 
speed bipolar transistofs or other devices can be sub- 

stituted for the FETs shown and described above. 
Further, component values and device sizes can be 
changed to better fitthe requirements of a specific ap- 
plication. We therefore daim all modifications coming 
within the scope of the accompanying claims. 



Claims 

1. An integrating phase detector comprising: 

a togic gate having first and second inputs 
s for receiving first and second input signals, the 

logic gate further having a current output for pro- 
viding a current pulse proporttonal to the ph^ 
differenc8betweenthefiistandsecondinputs|9- 

nals, the current output being directly generated 
,0 by the logic gate without intermediate buffering. 

integrating load means coupled to the cur- 
rent output of the logic gate for integrating the 
current pulse and providing a DC voltage propor- 
,5 tional to the phase difference between the first 
and second input signals. 

2. An integrating phase detector as in claim 1 in 
which the integrating load means compnses the 
parallel combination of a resistor and a capacitor. 



20 

3. An integrating phase detector as in claim 1 in 
which the logic gate comprises an OR gate. 

25 4. An integrating phase detector as in cte^^^^ 

which the logic gate compnses a differential OR 
gate having first and second differential inputs 
and a differential current output including a non- 
Inverting and an inverting single-ended output. 

'° 5 An integrating phase detector as in claim 4 in 
which the differential OR gate compnses: 

a first differential pair of transistors having 
a differential input for receiving the first differen- 

35 tiai input signal, a differential output forming the 
differential current output, and a first bias node; 

a second differential pair of transistors 
having a differential Input for receiving the sec- 
«, ond differential input signal, a differential oii^ut 
coupled between one of the single-ended outputs 
and the first bias node, and a second bias node 
for receiving a bias current 

,5 6. An integrating phase detector as in dairn 5 
where, under operation, a bias condition is estab- 
lished for each of the first and second <l*fferential 
pairs of transistors as the voltege from the differ- 
ential outputs to the bias node of agiven pair, and 
50 further comprising means for equalizing the bias 
conditton of thefirstand second deferential pairs 
of transistors. 

7. An integrating phase detector as in claim 4 in 
55 which the integrating load means comprises a 
f -ffst parallel combination of a resistor and a «- 
padtor coupled to the non-inverting output and a 
second paraltel combination of a resistor and a 
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capacitor coupled to the inverting output 

8. An integrating phase detector as in daim 1 in 
which the logic gate comprises an XOR gate. 

9. An integrating phase detector as In daim 1 in 
which the logic gate comprises a differential XOR 
gate having first and second differential inputs 
and a differential current output induding a non- 
inverting and an inverting single-ended output 

10. An integrating phase detector as in daim 9. in 
which the differential XOR gate comprises: 

first and second differential pairs of tran- 
sistors having coupled differential inputs for re- 
ceiving the first differential input signal, cross- 
coupled differential outputs forming the differen- 
tial current output and respective first and sec- 
ond bias nodes; and 

a third differential pair of transistors hav- 
ing a differential input for receiving the second 
differential input signal, a differential output cou- 
pled to the first and second bias nodes, and a 
third bias node for receiving a bias current 

11. An integrating phase detector as in daim 9 in 
which the integrating load means comprises a 
first parallel combination of a resistor and a ca- 
pacitor coupled to the non-inverting output and a 
second parallel combination of a resistor and a 
capadtor coupled to the inverting output 

12. A method of converting the phase difference be- 
tween two input signals into a DC error voltage, 
the method comprising the steps of. 

generating on an integrated circuit a cur- 
rent pulse proportional to the phase difference 
between the first and second input signals; 

providing the current pulse at a bonding 
pad of the integrated circuit; and 

integrating the current pulse to provide a 
DC error voltage proportional to the phase differ- 
ence between the first and second input signals. 

13. The method of daim 12 in which the step of inte- 
grating the current pulse comprises the steps of: 

coupling a resistor having a value of R 
ohnns to the bonding pad of the integrated circuit 
and 

coupling a capacitor having a value of C 
microfarads to the bonding pad of the integrated 
circuit 

14. The method of daim 13 further comprising the 
step of adjusting the time constant RC to set the 
responsiveness of the DC error voltage to 
changes in the phase difference. 



15. The method of daim 13 further comprisffig the 
step of adjusting the value of the resistor R to set 
the amplitude of the DC error voltage. 

5 1 6. A method of converting the phase difference be- 
tween two input signals into a DC error voltage, 
the method comprising the steps of: 

providing a logic gate having first and sec- 
ond voltage inputs and a current output 
10 coupling first and second input signals to 

the respective first and second voltage inputs; 

generating a current pulse proportional to 
the phase difference between the first and sec- 
ond input signals, the current pulse being directly 
IS generated by the logic gate without intermediate 

buffering internal to the logic gate; 

providing an integrating load impedance; 
coupling the current pulse to the integrat- 
ing load impedance; and 
20 generating a DC error voltage proportion- 

al to the phase difference between the first and 
second input signals. 

17. A method as in daim 16 further comprising the 
25 steps of: 

generating the current pulse on an inte- 
grated circuit 

providing the current pulse at a bonding 
pad of the integrated drcult and 
30 coupling the integrating load impedance to 

the bonding pad of the integrated circuit 

1 8. The method of daim 1 7 in which the step of cou- 
pling the integrating toad impedance comprises 

35 the steps of: 

coupling a resistor having a value of R 
ohms to the bonding pad of the integrated circuit 
and 

coupling a capacitor having a value of C 
40 microfarads to the bonding pad of the integrated 

circuit 

19. The method of daim 18 further comprising the 
step of adjusting the time constant RC to set the 

45 responsiveness of the DC error voltage to 

changes in the phase difference. 

20. The method of daim 18 further comprising the 
step of adjusting the value of the resistor R to set 

50 the amplitude of the DC error voltage. 

21. An integrating phase detector as in claim 1 in 
which the minimum current pulse of the current 
output is substantially limited only by the fT of de- 

55 vices within the logic gate. 
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